I discuss the construction of realistic superstring standard-like models in the four dimensional free fermionic formulation. I discuss proton lifetime constraints on superstring models. I discuss the massless spectrum of the superstring standard-like models, the texture of fermion mass matrices in these models and argue that the realistic features of these models are due to the underlying Z 2 × Z 2 orbifold compactification.
the gauge interactions. Therefore, an extremely important task is to try to connect superstring theory with the standard model of the gauge interactions.
Two approaches can be pursued to connect superstring theory with the standard model. One is through a GUT model at an intermediate energy scale. However, the only GUT superstring models constructed to date have level one Kac-Moody algebras and those do not have adjoint representations.
Therefore, one has to construct superstring GUT models that do not use adjoint representations to further break the symmetry to the standard model.
The second possibility is to derive the standard model directly from superstring theory.
In this talk I focus on the second possibility. This focus is motivated by consideration of proton decay. In the most general supersymmetric standard model the dimension four operators,
, mediate rapid proton decay. In the minimal supersymmetric standard model one imposes a discrete symmetry, R parity, that forbids these terms. In the context of superstring theories discrete symmetries are usually not present. If B − L is gauged as in SO(10), these dimensions four operators are forbidden by gauge invariance. However they may still be induced from the nonrenormalizable terms,
where Φ is a string of SO(10) singlets that fixes the string selection rules and gets a VEV of O(m pl ). N C L is the standard model singlet in the 16 of SO (10) . It is seen that the ratio N c L /M pl controls the rate of proton decay. Consequently, the VEV N c L has to be suppressed. In superstring GUT models, N c L must be used to break the GUT symmetry as there are no adjoint representations. Thus, it is concluded that we must obtain the standard model directly from superstring theory.
The standard-like models are constructed in the free fermionic formulation. In the free fermionic formulation 1 of the heterotic string in four dimensions all the world-sheet degrees of freedom required to cancel the con- 
with the choice of generalized GSO projections c b i
, and the others given by modular invariance.
The gauge group after the NAHE set is SO(10) × E 8 × SO (6) 
where γ(U(1) Rj+3 ), γ(U (1) showed that provided that the additional exotic color triplets and electroweak doublets exist at the appropriate scales, the scale of gauge coupling unification is pushed to 10 18 GeV , with the correct value of sin 2 θ W at low energies.
To conclude, the superstring standard-like models represent the most developed superstring models to date. They contain in their massless spectrum all the necessary states to obtain realistic phenomenology. They resolve the problems of proton decay through dimension four and five operators that are endemic to other superstring and GUT models. The free fermionic standardlike models provide a highly constrained and phenomenologically realistic laboratory to study how the Planck scale affects low energy physics.
